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F ragility fractures are an increasing cause of morbidity and mortality in the elderly population. 1 Approximately 70,000 patients are admitted to the hospital after sustaining a hip fracture each year in the United Kingdom. [1] [2] [3] The association between reduced bone mineral density and risk of fragility fractures is well documented, with lower bone mineral density predisposing to fracture. [4] [5] [6] Several classification systems that document the severity of intra-and extracapsular hip fractures. [7] [8] [9] Fracture pattern and bone mineral density are 2 of the principle determinants of surgical technique and implant choice when managing this injury, 10, 11 with multifragmentary/ unstable fractures and reduced bone mineral density associated with increased technical difficulty and increased risk of implant failure after osteosynthesis. [12] [13] [14] [15] Reduced bone mineral density has been associated with more severe fracture patterns in patients who sustain distal radial fractures. 16 However, whether this applies to proximal femur fractures and if a correlation exists between the radiographic severity of the hip fracture and the bone mineral density is unknown. The current study investigated the relationship between bone mineral density and the hip fracture pattern after simple falls in elderly patients.
Materials and Methods
A retrospective analysis was performed of 165 patients who were admitted to the authors' institution between June 2005 and May 2007 after sustaining a hip fracture. The term hip fracture covers a heterogeneous group of proximal femoral fracture patterns; therefore, hip fracture was defined as a fracture of the proximal femur from the femoral head-neck junction to a point 5 cm distal to the lesser trochanter. Fractures distal to this were excluded. To exclude the potential confounding effect of a high-energy injury on the severity of fracture sustained, careful attention was paid to the exact mechanism of injury, and all patients with fractures sustained via higher-velocity mechanisms (not a simple ground-level fall from a standing height or lower) were excluded. All patients subsequently underwent bone mineral density analysis by dual-energy x-ray absorbtiometry (DEXA) bone scanning (Hologic Discovery C, Hologic, Massachusetts) at mean of 8 weeks after injury. 17 Relevant medical case notes and radiographs were reviewed. Mechanism of injury, surgical procedure, age, and sex were recorded. Further data were retrieved from that recorded when the patient underwent DEXA scan. Variables recorded included patient height, weight, body mass index, previous fractures, and risk factors for osteoporosis (Table 1) . 4 Radiographs were classified by the lead author (S.J.S.), who was blinded in regard to the DEXA scan results. Fractures were initially classified as intra-or extracapsular or subtrochanteric. Each fracture was then subclassified using the Garden (G), Jensen (J), and Seinsheimer (S) classifications respectively (Table 2) . [9] [10] [11] For prognostic and treatment purposes, it is useful to divide intracapsular fractures into undisplaced (ie, Garden classifications I and II) and displaced (Garden classifications III and IV). For extracapsular fractures, it is useful to consider whether fracture patterns are 2-part (stable) or multifragmentary (unstable). All subtrochanteric fracture patterns were unstable. Fracture analysis severity was based on these criteria, with the less severe fractures grouped as stable (G1, G2, J1, and J2) and the more severe fractures grouped as unstable (G3, G4, J3, J4, J5, and S) types. Dual-energy x-ray absorptiometry scanning of the contralateral hip (neck, trochanter, intertrochanter, total hip, and Ward's area) and lumbar spine (L1, L2, L3, L4, and total) was performed in all cases. The total bone mineral density T-score (compared with peak bone mass in sex and race matched individuals) and Z score (compared with age-, sex-, and race-matched individuals) were calculated in each area.
Statistical analysis was performed using SPSS version 16.0 software (SPSS Inc, Chicago, Illinois). Univariate analysis was conducted using the chi-square test for categorical data. Because several factors may predispose a patient to sustaining a multifragmentary/unstable fracture, the authors constructed a multivariable logistic regression model to investigate the independent association of 9 principle variables, including age, sex, history of smoking, body mass index, escessive alcohol use, low hip T-score (,-2.5), low hip Z score (,-2.5), low lumbar T-score (,-2.5), and low lumbar Z score (,-2.5).
A search of the English literature using PubMed with the key words bone mineral density and fracture severity was performed, and all relevant articles were reviewed. No external funding was provided for this study.
results
One hundred sixty-five patients were initially identified, of whom 18 were excluded because the mechanism of injury was not a fall from standing height or lower. Five other patients were unable to undergo DEXA scan of the contralateral Table 3 shows the fracture types by location and classification. Initial univariate analysis was performed to determine if bone mineral density had a bearing on whether the fracture was intra-or extracapsular (Table 4) . Low hip bone mineral density was associated with an increased risk of extracapsular fracture. Patient age, sex, body mass index ,25, history of smoking, and history of excessive alcohol use were also analyzed. However, none of these variables were associated with fracture type (extra-vs intracapsular, P..05).
To determine which variables were potentially associated with increasing fracture severity, univariate analyses were performed using the same variables. No statistically significant association existed between fracture severity and age, body mass index, hip T-or Z score, lumbar T-or Z score, sex, history of excessive alcohol use, or history of smoking. A multivariable logistic regression analysis was subsequently performed (Table 5) . No variables analyzed had an association with fracture severity. A hip Z score ,-2.5 suggested increased fracture severity (relative risk, 5.82; 95% confidence interval, 0.69-49.17). However, this was not statistically significant (P5.11).
discussion
Hip fracture is a common injury with an associated morbidity and mortality. 1 Future changes in the age structure of the population of the United Kingdom mean that the prevalences of osteoporosis and hip fracture is likely to increase significantly. 2 The association between reduced bone mineral density and risk of fragility fracture are well documented. 4, 10, 11 It can be assumed that fracture patterns may also be affected by reduced bone mineral density, with multifragmentary injuries being more likely in individuals with lower bone mineral density. Such findings have been reported by Clayton et al, 16 who investigated fracture patterns in the distal radius and the association with bone mineral density. The current study showed that no correlation exists for hip fractures and that no assumption can be made about bone mineral densi- Table 2 Fracture Classifications
Classification Definition
Garden ( n Feature Article ty of the proximal femur based on the severity of the fracture on plain radiographs. One limitation of attempting to correlate bone mineral density with fracture pattern is that it is not possible to accurately measure the bone mineral density of the injured hip using standard DEXA scanning after a patient has undergone surgical intervention due to implant artefact. Bone mineral density was measured from the contralateral hip with the assumption that the bone mineral density of the injured hip is likely similar to that of the uninjured site.
In the current study, extracapsular fractures were associated with low hip T-and Z scores (,-2.5). One explanation for this may be that cervical (intracapsular) hip fractures involve bone that is 25% cortical and 75% cancellous in the cross-section, whereas trochanteric (extracapsular) fractures pass through bone that is 80% to 90% cancellous. 18 In osteoporotic bone, a pronounced remodelling imbalance exists, which has a more marked effect on cancellous bone. 19 The metabolic rate of cancellous bone is higher than that of cortical bone 20 ; therefore, bone mineral density is lower in the extracapsular region where rates are greatest. 21 No statistically significant correlation existed between proximal femoral fracture severity and the 9 variables analyzed. A hip Z score ,-2.5 suggested increased fracture severity (relative risk, 5.82; 95% CI, 0.69-49.17). However, this was not statistically significant (P5.11). Although patients with reduced bone density are more likely to sustain a fracture following a fall, the degree of osteoporosis does not appear to affect the severity of hip fractures. The resultant fracture pattern is likely due to a combination of factors, such as mechanism of injury (rotational force vs direct impact), the direction of transmitted force, position of the extremity at injury, or individual bone morphology rather than bone mineral density alone. 15 Although several previous studies have examined the relationship between bone mineral density and fracture type in terms of location, [21] [22] [23] [24] little has been published on hip fracture severity and bone mineral density. The main difference between the current study and the previously published studies is that the current authors correlated bone mineral density and osteoporotic risk factors with fracture severity (stable or unstable) as well as anatomic location. To the authors' knowledge, 1 other published study has attempted to do this. 25 Cauley et al 25 studied women older than 65 years with 249 femoral neck and 213 intertrochanteric hip fractures and divided fractures into stable and unstable via a similar methodology. All mechanisms of injury (not ground-level falls only) were included, and proximal femur bone mineral density was recorded with DEXA scan in the right hip in all cases unless previous right total hip arthroplasty was performed or severe degenerate changes had occurred. The authors concluded that a difference existed in bone mineral density between stable and unstable fractures, which was contrary to their hypothesis that patients with more stable fractures (intra-and extracapsular) had a mean lower hip bone mineral density than those with unstable fractures. 25 They theorized that this could be because lower mechanical forces are needed to cause hip fracture with a lower bone mineral density, thus leading to less displacement and more stable fractures. 25 Although the findings of the current study do not agree with this, with no dif- ference in bone mineral density between stable and unstable fractures identified in the authors' study population, the study by Cauley et al 25 adds weight to the argument that the correlation between bone mineral density and fracture severity in the proximal femur differs from that in the distal radius. 16 This difference is important because, unlike the distal radius, no assumption can be made about the hip's bone mineral density on the basis of the severity of fracture defined by plain radiographs.
conclusion
Although the association between reduced bone mineral density and the risk of fragility fractures is well documented, the results of the current study suggest that the severity of the resultant hip fracture does not follow this association.
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